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ULTIMATE STRESSES DEVELOPED BY 24S-T AND ‘ 
ALCLAD 75 S-T ALUMINUM-ALLOY S HEET IN 
INCOMPLETE DIAGONAL TENSION 
By L. Ross Levin 


SUMMARY 


Strength tests were made on 21+S-T and Ale lad 75S - T al umlrmin-al 1 oy 
sheet in diagonal tension. These tests indi cated that the ultimate shear 
stress was essentially independent of the rivet factor if the rivet factor 
was greater than 0.6 , which covers most of the practical range. Curves 
showing the effect of diagonal tension on the ultimate shear stress in the 
gross section are presented^ — These curves supersede those given in 
NACA TN No. 1364. 


INTRODUCTION 


The strength of a shear wet is frequently computed on the assumption 
that failure occurs when the shear stress in the net section Between 
rivet or holt holes reaches the ultimate shear stress of the material. 

The main difficulty with this procedure is to find a really satisfactory 
method of determining the ultimate shear stress of the material. Another 
difficulty is that stress concentration effects of holes may "be encountered 
at ultimate load similar to those encountered in tension and these effects 
must he evaluated. When failure of the shear wet occurs Before Buckling 
takes place, the shear load on the wet is resisted By true shear stresses. 
If failure of the sheer wet occurs after Buckling takes place, the stress 
condition in the wet is very complicated} however, it is convenient in 
strength calculations to use as a reference value a fictitious shear stress 
computed an the assumption that the weB did not Buckle. It then Becomes 
necessary to find a satisfactory method of determining a fictitious 
Ultimate shear stress of a thin shear weB which fails after Buckling occurs 
and the relationship Between the ultimate shear stress and the degree of 
development of Buckling. 

The most expedient method of determining the ultimate stresses for 
shear weBs with rivet or Bolt holes is By direct tests on shear weBs 
fastened with rivets or Bolts and subjected to a pure shear load. The 
stiffening of the weBs should Be varied in order to determine the relation- 
ship Between the ultimate shear stress and the degree of development of 
diagonal tension. The ratio of pitch to diameter of the holes should also 



2 


MCA TN No. 1756 


be varied in order to evaluate the combined effect of reduction in section 
and stress concentration around the holes at ultimate load. 

Results obtained by this type of test were given in reference 1 for 
webs which approached a condition of pure shear and for webs with partly- 
developed diagonal tension. These tests indicated that, within the test 
scatter, the ult ima te shear stress on the gross section is essentially 
independent of the ratio of net area to gross area along a line of holes 
if this ratio is greater than 0.6,. These data were used in reference 2 
to draw em pirical curves showing the effect of the degree of development 
of diagonal tension on the allowable shear stress on the gross section. 

The present investigation is extended to webs with a greater degree of 
development of diagonal tension, and new curves showing the relatio nshi p 
between the degree of development of diagonal tension and the average 
ultimate shear stress on the gross section are presented. These curves 
supersede the empirical curves given in reference 2 . 


SSMBOIS 


C r 
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a ult 


T 



Tn 

T ®av 


rivet factor or .net, area alppg lipe of hole _ q \ 

\ p gross area along line of holes/ 

length along one side of shear panel between comer bolts, 
inches 

load required to fail panel, kips 

width of panel, between inside lines of bolts, inches 

diameter of rivet or bolt holes, inches 

diagonal- tension factor (see reference 2) 

pitch of rivet or bolt holes in one row, inches 

thickness of Bheet, inches 

ultimate tensile stress, ksi 

shear stress on web, ksi 

critical shear stress, ksi 

shear stress on gross section of web, ksi 

shear stress on net section of web between rivet holes, ksi 

average measured gross shear stress at failure for spec imens 
having the same value of k at failure, ksi 
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TEST SPECIMENS AND PROCEDURE 


The test specimens were made from 2itS-T or Alclad 75S~T aluminum 
alloy. The effective length of all specimens was appro xima tely 50 inches. 

In order to have the specimens fail at different stages of incomplete 
diagonal tension the following combinations of nom in al wet thickness and 
width (in inches) between the inside line of holts were used: 0.020 x 5 , 
0.020 X 12, 0.025 X 6 , O.O 25 X 12, and 0.051 X 12. The actual dimensions 
of all specimens tested in the present Investigation, as well as those 
described in reference 1, are included in tables 1 and 2. All specimens 
were tested in a rectangular frame of the type shown in figure 1. The 
load was applied at the center outer edge of the frame and caused essentially 
pure shear load on the specimen. The bars connect ing the two sides of the 
frame were used to decrease the flexibility of the edge members on the long 
side of the panel. The specimens were fastened in the frame with one or two 
rows of bolts which were tight fits in the holes and had heavy washerB under 
the heads . 

In all tests, the pitch of the holes was 1 inch and the hole diameters, 
used to obtain a variation in pitch- diameter ratio, were 3 /l 6 , l/4, 5 /l 6 , 
and 3-/3 inch. 

The test specimens were cut from several different sheets of material. 
Ultimate tensile stresses of each sheet of material were determined from 
two standard tensile specimens cut parallel to the grain and two standard 
tensile specimens cut perpendicular to the grain. 


TEST RESULTS 


The results obtained in the present investigation, as well as data 
obtained from reference 1 , are presented in tables 1 and 2 . 

The shear stress at failure was computed for both the gross section 
and the net section along the line of holes . The shear stress at failure 
in the gross section was computed by the foimula 

P 

T g " Lt 



The shear stress at failure in the net section along the line of holes 
was computed by the formula 


( 2 ) 
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A comparison of specimens cut from different sheets of the same 
material -was made possible by reducing al 1 shear stresses ccmputed by 
formulas (l) and (2) to correspond to an ultimate tensile stress of 
62 ksi for 24S-T aluminum, alloy and "J2 ksi for Alclad 75S“T al uminum 
alloy. This reduction was accomplished by multiplying the shear stress 
obtained from formulas (l) and (2) by 62/ff-uit for 2hS-T alumi rmm alloy 
and by 72/ffuit for Alclad 75S-T aluminum alloy, where c-^t i 0 the 
lowest value of the actual tensile strength of a particular sheet obtained 
from two standard tensile specimens cut perpendicular to the grain and two 
standard tensile specimens cut parallel to the grain of the sheet. The 
lowest values of the tensile strength were used because reference 3 states 
that specimens cut frcm the sheet in any direction shall possess certain 
mi ni mum properties not below the standard given in reference 3 • The 
ultimate tensile strength in one direction was never more than k .5 percent 
below that for the other direction. 

The reduced values of and T n are shown in figures 2 and 3« 

These figures also show the average gross shear stress at failure r g ay 
for each group of similar specimens. In most of the tests Tg was 

within 10 percent of T g av * 


DISCUSSION OF RESULTS 


Variations in shear stress with C r »- A previous investigation 
(reference l) on a large number of 24S-T aluminum-alloy shear webs with k 
approximately 0.02 and 0-35 and Alclad 75S-T aluminum-alloy shear webs 
with k approximately 0 .06 and 0 .llU indicated that the ultimate shear 
stress on the net section was not constant (as is usually assumed) but 
decreased as the rivet factor C r increased. This result was generally 
confirmed by the tests of the present investigation which were made at 
values of k of approximately 0*55 sad 0 .72 for 24S-T aluminum alloy 
and k of approximately 0.59 and 0 -"Jb for Alclad 75^-T aluminum alloy. 

This decrease in the ult ima te shear stress on the net section as C r 
increased can be accounted for partly by the increase in stress-concentra- 
tion effects and partly by an increase in the bearing stresses at the holes . 
Sufficient data are not available to determine the exact interaction effect 
between the shear stresses and the bearing stresses . 

The stresses r g shown in figures 2 and 3 are usually within 
10 percent of Vg aT . In the tests of reference 1 t g was within 
9 percent of r g .In the teBtB on the 24S-T webs with k = O.72 a 
definite decrease in Tg occurs as C decreases. This decrease is 
approximately equal to the increase in t n as C r decreases } therefore, 
a constant value of either T g or could be used for this group of 

webs. This relatively small group of webs is the only group, however, 
which shows a definite decrease in v g as C r decreases . 
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Some of the variation in the ultimate shear stresses on the gross 
section may have "been caused "by friction "between the wet and the frame. 

A pre limin ary investigation indicated that if the holts were drawn very 
tight the effect of this friction could he very large . Most of this 
friction effect was eliminated in the present tests and in the tests of 
reference 1 because the holts were drawn just tight enough to br ing the 
frame and idle web together. 

Ultimate shear stresses .- The curves in figure 4 show the relation- 
ship between the shear stresses in the gross section at failure and the 
diagonal- tens ion factor k. These curves are based on the values 
Of T g av given in figures 2 and 3 of the present paper and figures 4 and 5 

of reference 1. The upper curves show the average ultimate Bhear stress 
for shear webs which are not allowed to buckle at the edges of the holes. 
This condition is satisfied if the edge of the shear web is between two 
heavy plates or has heavy washers on one side and a heavy plate on the 
other. Standard- size brass washers were used in the tests which served 
as a basis for the upper curve. The lower curve in figure 4 shows the 
average ult ima te shear stress for shear webs which were allowed to buckle 
at liie edge of the holes. No tests of this type are Inc l ud ed in the 
present paper j however, such tests were included in reference 1 and these 
data indicated. that the strength of a web which was allowed to buckle at 
the holes was about 11 percent less than the strength of a web which did 
not buckle at the holes. The lower curves apply to webs which have the 
heads of the rivets or bolts bearing directly on the sheet. 

The curves in figure 4 are identical with the curves in figure 14 of 
reference 2 up to k w 0.4. In this region both setB of curves are based 
on the tests presented in reference 1. Fol* values of k higher than O.k, 
the curves in figure 14 of reference 2 were based on an estimated value 
for k = 1.0, and they are slightly lower in this region than the curves 
in figure k- which are based on experimental data obtained in the present 
investigation. 

The curves in figure k are applicable to Joints made with either one 
or two rows of bolts if the bearing stresses at the holes do not exceed 
the allowable bearing stresses given in reference The tests of refer- 
ence 1 indicated that if the bearing stresses do exceed the allowable 
bearing stresses given in reference k, the allowable shear stresses will 
then be less than those shown in figure !{-. 

Comparison with other tests .- Figure 5 presents the results of tests 
from, references 2 and 5 for comparison with the empirical curve for the 
shear stress in the grosB section at failure. Most of the points for the 
beams of reference 2 are very close to the average curve. All points for 
the shear webs of reference 5 are above the average curve . These webs 
were bolted between heavy angles and the bolts were drawn tight. The 
increase in the ultimate stress was probably a result of the fact that 
some of the load was carried by friction between the shear web and the 
frame . This friction should usually not, be relied upon to carry load 
under service conditions . 
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CONCLUDING- REMARKS 


Results of strength tests on a 24S-T and Ale lad 75 S-T aluminum- 
alloy sheet in diagonal tension indicated that the ultimate shear stress 
■was essentially independent of the rivet factor in the practical range 
(rivet factor greater than 0.6). Curves are presented showing the 
effect of the diagonal tension on the ultimate shear stress in the grosB 
section. These curves supersede those given in MCA TN No. 13&4-* 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., September 24-, 1948 
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LIABLE 1 

HTHIB3ID53, HTfff P BATA, AHD \REBTJIflBi R3B 
24S-T AIIBCnraK-AILOr SFE01HBS3 


d 

Bovs 

t 

b 

L 

T or 

P 

t b 

■ 


“nit 

(kBl) 

(a) 

T S 

(ksl) 

% 

(kal) 

(in.) 

of 

holes 

(in.) 

(in.) 

(in.) 

(ini) 

(fctje) 

(kBl) 

m 

k 

Correoted 

o») 


k » 0^)17 

to) 


1 

3/16 


0.0409 

5.0 

51.25 

31.6 

72.50 

34.85 

1.100 

0.020 

69.60 


38.20 

2 

3/1 6 


.0413 

5.0 

51-25 

31-6 

72.76 

34.60 

1.095 

.020 

69.60 


38.00 

3 

3/16 


.0384 

5.0 

51.25 

31.2 

70.25 

35*70 

1.145 

.030 

70.07 

31.60 

38.90 

4 

3/16 


.0414 

5-0 

51.25 

31.6 

71*00 

33-60 

1.062 

.012 

69.60 

29.92 

36.85 

5 

3/16 


.0414 

5.0 

51.25 

31.6 

68,40 

32.40 

1.026 

.002 

69.6 0 

26.85 

35-50 

6 

lA 


.0391 

5.0 

51.25 

31.2 

70,00 

34.90 

1.120 

.022 

70.07 

30.85 

41.20 

7 

iA 


.0391 

3.0 ■ 

51.25 

31.2 

65.20 

32.65 

1.047 

.012 

70.07 

26.90 

38.50 

8 

iA 


.0412 

5.0 

51.25 

31.6 

72.00 

34.30 

I.O85 

.016 

69.60 

30.55. 

40.70 

9 

iA 


.0413 

5.0 

31.25 

31.6 

72.70 

34.50 

1.092 

.020 

69-60 

30.70- 

40.90 

10 

iA 


.0413 

5.0 

51.25 

31.6 

69.10 ' 

32.70 

1.035 

,006 

69.60 

29.10 

38.90 

n 

iA 


.0385 

5.0 

51-25 

31.2 

65.40 

33-15 

1.063 

.012 

70.07 

29.30 

39-10 

12 

5/16 

2 

.0384 

5.0 

51.25 

31.2 

66.20 

33.65 

1.079 

.016 

70.07 

29.75 

43.30 

13 

5/16 

■ 

.0391 

5.0 

51.25 

31.2 

67.40 

33-65 

1.079 

.016 

70.07 

29.75 

43.30 

Ik 

5/16 


.0412 

5-0 

51.25 

31.6 

72.00 

34.30 

1.065 

.018 

69-60 

30.55 

44-30 

15 

5/16 


.0407 

5.0 

51-25 

31-6 

68.80 

33-10 

1.048 

.012 

69.60 

29.50 

42.60 

16 

3/9 

2 

.0390 

5-0 

51*25 

31.2 

68.60 

34.40 

1.102 

.020 

70.07 

30.42 

48.70 

17 

3/8 


.0396 

5.0 

51-25 

31-3 

69.OO 

34.00 

1.067 

.Olfl 

70.07 

30.10 

48^ 

IB 

3/8 


.0408 

5.0 

51-25 

31.6 

71*80 

34.50 

1.092 

.020 

69.60 

30.72 

\9-20 

19 

3/8 


.0412 

5.0 

51-25 

31.6 

72.80 

34.70 

1.096 

.020 

69.60 

30.90 

49.30 


k » 0.35 


20 

3/16 

2 

o.o4n 

5.0 

51.25 

5-62 

65.9 

31-4 

5-59 

0.36 

69.6 

28.0 

A- 5 

21 

3/16 

2 

.0407 

5.0 

51.25 

5-51 


31.0 

5-62 

•35 

69-6 

27.5 

33-9 

22 

3/16 

2 

.0390 

5.0 

51-25 

5.07 

61.8 

■31.0 

6.11 

•37 

70.1 

27.4 

33-8 

23 

3/1 6 


•04l4 

5.0 

51-25 

5-71 

62.4 

29.5 

5-17 

•34 

69*6 

26.3 

32.5 

24 

3/16 


.0413 

5.0 

51.25 

5.70 

62.7 

29.7 

5-22 

-A 

6 9-6 

26.5 

32-5 

25 

3/1 6 


.0413 

5.0 

51.25 

5.70 

58.1 

27.6 

4.84 

•33 

69.6 

24.6 

30.2 

26 

1/4 


.0392 

5.0 

51-25 

5.12 

58.5 

29.I 

5-69 

•36 

70.1 

25.7 

A-4 

27 

iA 


•0389 

5.0 

51-25 

5.03 

59-3 

29.8 

5-92 

•37 

70.1 

26.3 

35-1 

28 

iA 


.0408 

5.0 

51.25 

5.55 

60.1 

29.0 

5.22 

•34 

69-6 

25.8 

A-3 

29 

!/4 


.0413 

5.0 

51.25 

5.70 

59.3 

26.1 

4.93 

•33 

69.6 

25.I 

33-4 

30 

5 A6 

2 

.0391 

5-0 

51.25 

5-09 • 

58.1 

29*0 

5-69 

•36 

70.1 

25.7 

37-3 

31 

5/1 6 

■re ■ 

.0385 

5.0 

51.25 

4.93 

58.4 

29.7 

6.02 

•37 

70,1 

26.2 

38.1 

32 

5/16 


.0412 

5.0 

51-25 

5.64 

61.1 

29.1 

5.17 

•A 

69.6 

25.9 

37.7 

33 

5A6 


.0413 

5-0 

51.25 

5.70 

59-4 

28.2 

4,95 

•33 

69.6 

25.I 

36.6 

34 

3/8 

2 

.0384 

5.0 

51.25 

4.91 

54.8 

27.9 

5.68 

•36 

70,1 

24-7 

39.9 

35 

■3/3 


•0389 

5.0 

51.25 

5-03 

55-3 

27.7 

5.51 

•35 

70.1 

24.5 

39-3 

36 

3/8 


.0410 

5-0 

51.25 

*5,59 

58.6 

280. 

5.03 

•A 

69.6 

25.1 

39.9 

37 

3/8 

11 

.0406 

5-0 

51.25 

5.48 

57*2 

27.7 

5.05 

•A 

69.6 

24.7 

39-4 

k S O.55 

38 

3/16 

2 

0.0264 


49.63 

1.6l 

37-2 

27.4 

17.0 

0.55 

70,2 

24.3 

29.9 

39 

lA 

2 

.0265 

pp mi 

49.63 

1.61 

39.5 

30.0 

18.6 

•56 

70.2 

26.5 

35-4 

ho 

iA 


.0261 


49,63 

1.61 

39.1 

30.1 

18.7 

.56 

70.2 

26.6 

35-6 

4l 

5/16 


.0263 


49.63 

1.61 

37-2 

28.4 

17.6 


69.7 

25-3 

36.8 

42 

3/8 

■9 

.0265 

E29 

49.63 

1.61 

35-0 

26.6 

16.5 

•5? 

69.7 

23.7 

37-9 

k ss 0.72 

43 

3/16 

2 

0.0265 

12.0 

,49.63 

0.403 

38.3 

29.2 

72.5 

0.73 

70 .2 

25.8 

31.8 

44 

lA 

2 

.0262 

12.0 

49.63 

.403 

■ 35*8 

£7-5 

68.1 

•72 

69.7 

24.4 

32-7 

45 

iA 


.0263 

12.0 

49.63 

.403 

36.4 

27.8 

69.0 

•72 

69-7 

24.7 

33-0 

46 

5/16 


.0264 

12.0 

49.63 

.403 

34.4 

26.2 

65.0 

.72 

70.2 

23-1 

33*8 

47 

3/8 

H 

.0262 

12.0 

49,63 

.403 

33.5 

25 .7 

63.8 

•72 

70.2 

22.7 

36.4 


“Actual tensile strength of material. 

^Stresses corrected to - 62 ksl. 

c ^EheBe specimens had heavy stiffener dividing them into panels 1 inch "by 9 1 notice, (See fig* 1, reference 1*) 
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WMEHSIOIB, TEST DATA, ADD B2SOL1B PGR 
ALCLAD 75 S-T AEDHU3T3M-AIIGT SPJJJ1H ES3 


Specimen 


3/16 

2 

0.0390 

5.° 

51.25 

lA 

2 

.0390 

5*0 

51.25 

iA 

1 

.0393 

5.0 

51.23 

5A6 

2 

.0390 

5.0 

51.25 

5A6 

1 

.0390 

5.0 

51-25 

3/8 

2 

.0390 

5.0 

51.25 

3/8 

1 

•0397 

5.0 

51.25 




3/16 

2 

0*0390 

5.0 

51.25 

iA 

2 

.0383 

5.0 

51.25 

iA, 

1 

.0396 

5.0 

51.25 

5/16 

2 

.0390 

5.0 

51.25 

5A6 

1 

•0389 

5.0 

51-25 

3/8 

2 

.0386 

5.0 

51.25 

3/8 

1 

.0396 

5-0 

51.25 


15 

3A6 

2 

0.0201 

16 

3/16 

2 

.0205 

17 

3/16 

2 

.0^96 

18 

3/16 

2 

.0500 

19 

3/16 

2 

.0b89 

20 

3/16 

2 

•02b2 

21 

lA 

2 

.020b 

22 

!A 

2 

.0203 

23 

lA 

2 

.0203 

2b 

lA 

1 

■0239 

25 

lA 

2 

.021(1 

26 

iA 

2 

■0b89 

27 

3A6 

1 

.02bi( 

28 

5A6 

1 

.0202 

29 

5A6 

1 

.020b 

30 

5/16 

1 

•020b 

31 

5A6 

1 

,0b86 

32 

3A6 

1 

•0b91 

33 

5A6 

1 

•0b97 

3b 

5A6 

1 

•Ob93 

35 

3A 

1 

.0207 

36 

3/8 

1 

.0203 

37 

3/8 

1 

•0b86 

38 

3/8 

1 

•Ob95 

39 


1 

.0b88 

bo 

3/8 

1 

.0b85 

bl 

3/8 

1 

.0239' 


T cr 

(kal) 

P 

(kips) 

t b 

(kui) 

2k. 

T cr 

k 

“At 

(ksi) 

(*). 


•057 

31.2 

77-6 

38.8 

1.2b 

0.050 

78.6 

31^ 

81.0 

bo. 6 

1-30 

.058 

78.6 

31^ 

81.0 

bo. 3 

1.29 

.058 

78.6 

31^ 

83.6 

bl.8 

1.3b 

.065 

78.6 

31.2 

81.0 

bo .6 

1.30 

.058 

78.6 

31.2 

78.6 

39.3 

1.26 

.050 

78.6 

31.2 

83.5 

bl.l 

_ 1-32 

.060 



Corrected 

(t) 


k.£ 

0.7b 

0A03 

bo.5 

.290 

33-9 

.290 

30.6 

*b03 

35 A 

*403 

38.3 

^03 

37-1 

A03 

32.8 


a Actual tensile strength of material. 

Stresses corrected to - 72 ksi* 

°These Bpecimene had heavy stiffeners dividing then into penels 1 inch "by 5 inches . 



(See fig. 1/ reference 1.) 
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Section A-A 



Figure I.— Rectangular test frame 
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(a) k^0.55. 

Figure 2.- Ultimate shear stresses in 24 S- 
corrected to cr u | t = 62 ksi .) 
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(a) k — 0.59. (b) k^0.74. 

Figure 3.- Ultimate shear stresses in Alclad 75S-T aluminum - allay webs. (All stresses 
corrected to cr u j t ° 72 ksi.) £ 
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(a) 24S-T aluminum alloy. 
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(b) Alclad 75S~T aluminum alloy. 
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Figure 5.- Shear stresses at failure in 24S-T 
aluminum alloy. 



